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(54) Gas sensor and method for controlling the same 



(57) Disclosed is a gas sensor (10A) for controlling 
a concentration of oxygen and/or measuring NOx by 
allowing a current to flow through an ion-conductive 
member for conducting oxygen ion, by the aid of a cur- 
rent supply circuit (14), wherein the current, which is 
outputted from the current supply circuit (14), has a 
pulse waveform (current signal) (Sif) having a constant 
crest value, and the current supply circuit (14) com- 



prises a rectangular wave-generating circuit (76) for 
controlling a frequency of the current signal (Sif) on the 
basis of an electromotive force (V2) generated in the 
ion-conductive member to which the current signal (Sif) 
is supplied. Accordingly, it is possible to highly accu- 
rately measure the predetermined gas component while 
scarcely being affected by the electric noise or the like. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a gas sensor 
and a method for controlling the same for measuring 
oxides such as NO, N0 2 , S0 2 , C0 2 , and H 2 0 contained 
in, for example, atmospheric air and exhaust gas dis- 
charged from vehicles or automobiles, and inflammable 
gases such as CO and CnHm. 

Description of the Related Art: 

[0002] Recently, an oxygen sensor is widely known, 
for measuring a specified gas component, for example, 
oxygen, in which the voltage or the current is controlled 
to apply it to an oxygen pump based on the use of an 
oxygen ion-conductive member composed of a solid 
electrolyte of Zr0 2 so that oxygen is pumped in or 
pumped out under a predetermined diffusion resistance 
to measure a limiting current obtained during this proc- 
ess (see, for example, Japanese Laid-Open Patent 
Publication No 8-271476). 

[0003] Another sensor is also known, in which a pro- 
ton pump is constructed by using an oxygen-proton ion- 
conductive member so that the limiting current is meas- 
ured on the basis of the same principle as that used in 
the oxygen sensor to measure H 2 and H 2 0. 
[0004] A NOx sensor 200 as shown in FIG. 15 is also 
known, which is used to measure, for example, NOx as 
a specified gas component. 

[0005] The NOx sensor 200 is operated as follows. 
That is, a measurement gas is introduced into a first hol- 
low space 204 via a first diffusion rate-determining sec- 
tion 202. A first oxygen-pumping means 212, which is 
constructed by an inner pumping electrode 206, an oxy- 
gen ion-conductive member 210, and an outer pumping 
electrode 208, is used to pump out or pump in oxygen 
contained in the measurement gas in such a degree 
that the measurement gas is not decomposed. Subse- 
quently, the measurement gas is introduced into a sec- 
ond hollow space 216 via a second diffusion rate- 
determining section 214. A second oxygen-pumping 
means 226, which is constructed by a measurement 
gas-decomposing electrode 218 arranged in the second 
hollow space 216, an oxygen ion-conductive member 
220, and a reference electrode 224 arranged in a refer- 
ence air section 222, is used to pump out oxygen which 
is produced by decomposition effected by the catalytic 
action of the measurement gas-decomposing electrode 
218. The sensor measures the value of current which is 
required to pump out the oxygen. 
[0006] In other words, the foregoing gas sensors are 
operated such that the specified gas component is 
detected by using the ionic current, and the concentra- 
tion of the predetermined gas is ensured in the internal 



space of the sensor by controlling the ionic current 
value. 

[0007] However, the gas sensors as described above 
are disadvantageous as follows. That is, when the con- 
5 centration of the measurement gas is low, the pumping 
current is decreased. As a result, it is difficult to perform 
the detection in some cases, and the accuracy is greatly 
deteriorated by the external electric noise in other 
cases. 

10 [0008] For example, in the case of the NOx sensor 
200 shown in FIG. 15, when the NOx concentration in 
the measurement gas is 10 ppm, the signal level is in a 
degree of about 0.05 jiA. As a result, it is difficult to per- 
form the detection. Further, it is feared that the meas- 

15 urement accuracy is greatly deteriorated due to the 
external electric noise. 

[0009] In order to accurately control the oxygen con- 
centration in the second hollow space 216, the present 
applicant has suggested a NOx sensor 250 as shown in 

20 FIG. 16. The NOx sensor 250 comprises an auxiliary 
pump 252 which is provided for the second hollow 
space 216. The controlled oxygen concentration in the 
first hollow space 204 is corrected so that the current, 
which flows through the auxiliary pump 252, is constant 

25 (see. for example, Japanese Laid-Open Patent Publica- 
tion No. 9-1 13484 and European Patent Publication No. 
0 807 818 A2). 

[001 0] In the case of the NOx sensor 250, the auxiliary 
pumping current is not more than several jiA which is 
30 small. Therefore, it has been revealed that the control- 
led oxygen concentration in the second hollow space 
216 cannot be corrected at the desire of a user in some 
cases. 

[0011] On the other hand, in the case of the sensors 
35 as described above, the limiting current is utilized to 
control the concentration of the gas component and 
measure the concentration thereof. Therefore, if the lim- 
iting current value is changed, the output is changed. In 
this context, for example, the limiting current value 
40 involves dispersion among individual sensors. At 
present, in order to correct the dispersion among indi- 
vidual sensors, a shunt resistor is provided, or a voltage 
divider resistor is provided. 

[001 2] FIG. 17 shows an arrangement of such a coun- 
45 termeasure. When the current, which flows to the an 
oxygen pump 260, is detected by using a current- 
detecting resistor Ra, the current supply from a variable 
power source 262 to the oxygen pump 260 is shunted 
by the aid of an adjusting resistor Rb (shunt resistor). 
so [001 3] For example, when the gas sensor has a large 
limiting current, the shunt resistor Rb is decreased so 
that the amount of shunt is increased. Thus, the amount 
of current, which is detected by the current-detecting 
resistor Ra, is decreased to be a predetermined value. 
55 On the contrary, when the gas sensor has a small limit- 
ing current, the amount of shunt is decreased so that 
the current, which is detected by the current-detecting 
resistor Ra, is adjusted to be the predetermined value. 
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[001 4] Another method is also available such that the 
voltage, which is generated between the both terminals 
of the current-detecting resistor Ra, is subjected to volt- 
age division by using a voltage divider circuit to obtain a 
predetermined output voltage. 

[0015] However, when the foregoing methods (the 
shunt resistor system and the voltage divider resistor 
system) are adopted, one extra lead wire is required, in 
accordance with which it is necessary to use a multiple 
terminal connector system for connecting the control 
circuit and the sensor, resulting in a problem concerning 
the cost. 

SUMMARY OF THE INVENTION 

[001 6] The present invention has been made consid- 
ering the problems as described above, an object of 
which is to provide a gas sensor and a method for con- 
trolling the gas sensor which make it possible to highly 
accurately measure a predetermined gas component 
while scarcely being affected by the electric noise or the 
like. 

[0017] Another object of the present invention is to 
provide a gas sensor and a method for controlling the 
gas sensor which are advantageous in view of the pro- 
duction cost and which make it possible to compensate 
the dispersion among individual sensors without 
increasing the number of terminals, in addition to the 
requirement described above. 

[0018] The present invention lies in a gas sensor for 
controlling a concentration of a specified gas compo- 
nent and/or measuring a predetermined gas component 
by allowing a current to flow through an ion -conductive 
member for conducting an ion of the specified gas com- 
ponent, by the aid of a current supply means, wherein 
the current, which is outputted from the current supply 
means, has a pulse waveform having a constant crest 
value, and the current supply means comprises a fre- 
quency control means for controlling a frequency of the 
pulse waveform. 

[0019] Accordingly, the concentration of the specified 
gas component is controlled and/or the predetermined 
gas component is measured by supplying the current 
from the current supply means to the ion -conductive 
member. 

[0020] Usually, the following method is adopted in 
relation to the measurement of the predetermined gas 
component. That is. a constant voltage is applied to an 
ion -conductive member to measure the predetermined 
gas component by detecting the value of current flowing 
through the ion-conductive member depending on the 
amount of a specified gas component during this proc- 
ess. In such an ordinary method, the detected current 
value is extremely small. Therefore, a problem arises in 
that the measurement tends to be affected by the exter- 
nal electric noise. 

[0021] On the contrary, according to the present 
invention, the current, which is supplied to the ion-con- 



ductive member, has the pulse waveform having the 
constant crest value. Further, the frequency of the pulse 
waveform is controlled. In such a procedure, the use of 
the pulse waveform makes it possible to obtain the crest 

5 value which is higher than those obtained when the cur- 
rent is supplied in the direct current form. Therefore, it is 
possible to allow the system to be scarcely affected by 
the electric noise or the like. The use of the frequency 
as the measured value makes it possible to increase the 

io output dynamic range (frequency region) with respect to 
the inputted electromotive force. Thus, it is also possible 
to improve the measurement sensitivity. 
[0022] It is preferable for the gas sensor constructed 
as described above that a power source for the current 

is supply means is a constant voltage power source, and 
a resistor is connected in series to a current supply line 
to the ion-conductive member. In this arrangement, the 
voltage from the constant voltage power source is 
allowed to have a pulse-shaped voltage waveform by 

20 the aid of the current supply means. The current, which 
is supplied to the ion -conductive member, is a pulse- 
shaped current which has a crest value obtained by 
dividing the crest value of the voltage by the resistance 
value of the series resistor. In other words, the crest 

25 value of the pulse-shaped current supplied to the ion- 
conductive member can be adjusted by changing the 
resistance value of the series resistor. In this arrange- 
ment, it is preferable that the series resistor is selected 
or adjusted depending on performance of a sensor ele- 

30 ment. 

[0023] Accordingly, it is possible to compensate the 
dispersion (the dispersion concerning the crest value 
and the output) among the individual sensors without 
increasing the number of terminals, which is advanta- 
35 geous in view of the production cost. 

[0024] The gas sensor according to the present inven- 
tion is preferably used for a NOx sensor for measuring 
NOx in a measurement gas. 

[0025] In another aspect, the present invention lies in 

40 a gas sensor for controlling a concentration of a speci- 
fied gas component and/or measuring a predetermined 
gas component by allowing a current to flow through an 
ion-conductive member for conducting an ion of the 
specified gas component, by the aid of a current supply 

45 means, wherein the current, which is outputted from the 
current supply means, has a pulse waveform having a 
constant crest value, and the current supply means 
comprises a duty ratio control means for controlling a 
duty ratio of the pulse waveform. 

so [0026] According to the present invention, the current, 
which is supplied to the ion-conductive member, has the 
pulse waveform having the constant crest value. Fur- 
ther, the duty ratio of the pulse waveform is controlled. 
Also in this aspect, the use of the pulse waveform 

55 makes it possible to obtain the crest value which is 
higher than those obtained when the current is supplied 
in the direct current form. Therefore, it is possible to 
allow the system to be scarcely affected by the electric 
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noise or the like. The use of the pulse width of each 
waveform as the measured value makes it possible to 
increase the output dynamic range with respect to the 
inputted electromotive force. Thus, it is also possible to 
improve the measurement sensitivity. 
[0027] It is preferable for the gas sensor constructed 
as described above that a power source for the current 
supply means is a constant voltage power source, and 
a resistor is connected in series to a current supply line 
to the ion-conductive member. In this arrangement, it is 
preferable that the series resistor is selected or adjusted 
depending on performance of a sensor element. 
Accordingly, it is possible to compensate the dispersion 
among the individual sensors without increasing the 
number of terminals, which is advantageous in view of 
the production cost. 

[0028] The gas sensor according to the present inven- 
tion is also preferably used for a NOx sensor for meas- 
uring NOx in a measurement gas. 
[0029] In still another aspect, the present invention 
lies in a gas sensor for controlling a concentration of a 
specified gas component and/or measuring a predeter- 
mined gas component by allowing a current to flow 
through an ion -conductive member for conducting an 
ion of the specified gas component, by the aid of a cur- 
rent supply means, wherein the current, which is output- 
ted from the current supply means, has a pulse 
waveform, and the current supply means comprises a 
crest value control means for controlling a crest value of 
the current having the pulse waveform. 
[0030] According to the present invention, the current, 
which is supplied to the ion -conductive member, has the 
pulse waveform. Further, the crest value of the pulse 
waveform is controlled. Also in this aspect, it is possible 
to obtain the crest value which is higher than those 
obtained when the current is supplied in the direct cur- 
rent form. Therefore, it is possible to allow the system to 
be scarcely affected by the electric noise or the like. As 
a result, it is possible to increase the output dynamic 
range with respect to the inputted electromotive force. 
Thus, it is also possible to improve the measurement 
sensitivity. When the crest value is detected, it is also 
preferable that the current having the pulse waveform is 
converted into a voltage to perform the detection. 
[0031] It is preferable for the gas sensor constructed 
as described above that a resistor is connected in series 
to a current supply line to the ion-conductive member. In 
this embodiment, it is preferable that the series resistor 
is selected or adjusted depending on performance of a 
sensor element. Accordingly, it is possible to compen- 
sate the dispersion among the individual sensors with- 
out increasing the number of terminals, which is 
advantageous in view of the production cost. The gas 
sensor according to the present invention is also prefer- 
ably used for a NOx sensor for measuring NOx in a 
measurement gas. 

[0032] In still another aspect, the present invention 
lies in a method for controlling a gas sensor for control- 



ling a concentration of a specified gas component 
and/or measuring a predetermined gas component by 
allowing a current to flow through an ion-conductive 
member for conducting an ion of the specified gas com- 

5 ponent, wherein the current, which is supplied to the 
ion-conductive member, has a pulse waveform having a 
constant crest value, and a frequency of the pulse 
waveform is controlled to control the concentration of 
the specified gas component and/or measure the pre- 

w determined gas component. 

[0033] In still another aspect, the present invention 
lies in a method for controlling a gas sensor as 
described above, wherein the current, which is supplied 
to the ion-conductive member, has a pulse waveform 

15 having a constant crest value, and a duty ratio of the 
pulse waveform is controlled to control the concentra- 
tion of the specified gas component and/or measure the 
predetermined gas component. 

[0034] In still another aspect, the present invention 

20 lies in a method for controlling a gas sensor for control- 
ling a concentration of a specified gas component 
and/or measuring a predetermined gas component by 
allowing a current to flow through an ion-conductive 
member for conducting an ton of the specified gas com- 

25 ponent, wherein the current, which is supplied to the 
ion-conductive member, has a pulse waveform, and a 
crest value of the current having the pulse waveform is 
controlled to control the concentration of the specified 
gas component and/or measure the predetermined gas 

30 component. 

[0035] According to the methods for controlling the 
gas sensors concerning the inventions described 
above, it is possible to allow the system to be scarcely 
affected by the electric noise or the like. Thus, it is pos- 

35 sible to measure the predetermined gas component 
highly accurately. Further, it is possible to compensate 
the dispersion among the individual sensors without 
increasing the number of terminals, which is advanta- 
geous in view of the production cost. 

40 [0036] The methods for controlling the gas sensors 
described above are preferably applicable to a NOx 
sensor for measuring NOx in a measurement gas. 
[0037] The above and other objects, features, and 
advantages of the present invention will become more 

45 apparent from the following description when taken in 
conjunction with the accompanying drawings in which a 
preferred embodiment of the present invention is shown 
by way of illustrative example. 

so BRIEF DESCRIPTION OF THE DRAWINGS 
[0038] 

FIG. 1 shows a plan view illustrating a structure of a 
55 gas sensor according to a first embodiment; 

FIG. 2 shows a sectional view (a sectional view 
taken along a line ll-ll shown in FIG. 1) illustrating 
the structure of the gas sensor according to the first 
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embodiment; 

FIG. 3 shows a block diagram illustrating a circuit 
system ot the gas sensor according to the first 
embodiment; 

FIG. 4 shows a characteristic curve illustrating the 
change in frequency of a pulse-shaped current sig- 
nal with respect to the change in NO concentration 
concerning the gas sensor according to the first 
embodiment; 

FIG. 5 shows waveforms illustrating a waveform of 

the pulse-shaped current signal used for the gas 

sensor according to the first embodiment, together 

with a direct current waveform; 

FIG. 6 shows a block diagram illustrating a circuit 

system of a gas sensor according to a modified 

embodiment of the first embodiment; 

FIG. 7 shows a block diagram illustrating a circuit 

system of a gas sensor according to a second 

embodiment; 

FIG. 8 shows a characteristic curve illustrating the 
change in duty ratio of a pulse-shaped current sig- 
nal with respect to the change in NO concentration 
concerning the gas sensor according to the second 
embodiment; 

FIG. 9 shows waveforms illustrating a waveform of 
the pulse-shaped current signal used for the gas 
sensor according to the second embodiment, 
together with a direct current waveform; 
FIG. 10 shows a block diagram illustrating a circuit 
system of a gas sensor according to a modified 
embodiment of the second embodiment; 
FIG. 1 1 shows a block diagram illustrating a circuit 
system of a gas sensor according to a third embod- 
iment; 

FIG. 12 shows a characteristic curve illustrating the 
change in voltage of a pulse-shaped driving signal 
with respect to the change in NO concentration 
concerning the gas sensor according to the third 
embodiment; 

FIG. 13 shows waveforms illustrating a waveform of 
the pulse-shaped driving signal used for the gas 
sensor according to the third embodiment, together 
with a direct current voltage waveform; 
FIG. 14 shows a block diagram illustrating a circuit 
system of a gas sensor according to a modified 
embodiment of the third embodiment; 
FIG. 15 shows a sectional view illustrating a struc- 
ture of an illustrative conventional gas sensor; 
FIG. 16 shows a sectional view illustrating a struc- 
ture of an illustrative suggested gas sensor; and 
FIG. 17 illustrates an arrangement of a conven- 
tional shunt resistor system. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0039] Explanation will be made below with reference 
to FIGS. 1 to 14 for several illustrative embodiments in 



which the gas sensor and the method for controlling the 
same according to the present invention are applied to 
gas sensors for measuring oxides such as NO, N0 2 . 
S0 2 , C0 2 , and H 2 0 contained in, for example, atmos- 
5 pheric air and exhaust gas discharged from vehicles or 
automobiles and inflammable gases such as CO and 
CnHm. 

[0040] At first, as shown in FIGS. 1 and 2, a gas sen- 
sor 10A according to a first embodiment comprises a 

io main sensor device 12 which is constructed to have a 
lengthy plate-shaped configuration as a whole, and a 
current supply circuit 14 for supplying a pulse-shaped 
current signal to the main sensor device 1 2. 
[0041] The main sensor device 12 comprises, for 

15 example, six stacked solid electrolyte layers 16a to 16f 
composed of ceramics based on the use of oxygen ion- 
conductive solid electrolytes such as Zr0 2 . First and 
second layers from the bottom are designated as first 
and second substrate layers 16a, 16b respectively. 

20 Third and fifth layers from the bottom are designated as 
first and second spacer layers 16c, 16e respectively. 
Fourth and sixth layers from the bottom are designated 
as first and second solid electrolyte layers 16d, 16f 
respectively. 

25 [0042] A space (reference gas- introducing space) 18, 
into which a reference gas such as atmospheric air to 
be used as a reference for measuring oxides is intro- 
duced, is formed between the second substrate layer 
16b and thefirst solid electrolyte layer 16d, the space 18 

30 being comparted by a lower surface of the first solid 
electrolyte layer 16d, an upper surface of the second 
substrate layer 16b, and side surfaces of the first spacer 
layer 16c. 

[0043] The second spacer layer 16e is interposed 
35 between the first and second solid electrolyte layers 
16d, 161 First and second diffusion rate-determining 
sections 20, 22 are also interposed between the first 
and second solid electrolyte layers 16d, 16f. 
[0044] A first chamber 24 for adjusting the partial pres- 
40 sure of oxygen in a measurement gas is formed and 
comparted by a lower surface of the second solid elec- 
trolyte layer 16f, side surfaces of thefirst and second dif- 
fusion rate-determining sections 20, 22, and an upper 
surface of the first solid electrolyte layer 16d. A second 
45 chamber 26 for finely adjusting the partial pressure of 
oxygen in the measurement gas and measuring oxides 
such as nitrogen oxides (NOx) in the measurement gas 
is formed and comparted by a lower surface of the sec- 
ond solid electrolyte layer 1 6f, a side surface of the see- 
so ond diffusion rate-determining section 22, a side 
surface of the second spacer layer I6e, and an upper 
surface of the first solid electrolyte layer 16d. 
[0045] The external space communicates with the first 
chamber 24 via the first diffusion-rate determining sec- 
55 Won 20. and the first chamber 24 communicates with the 
second chamber 26 via the second diffusion rate-deter- 
mining section 22. 

[0046] The first and second diffusion-rate determining 
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sections 20, 22 give predetermined diffusion resist- 
ances to the measurement gas to be introduced into the 
first and second chambers 24, 26 respectively. Each of 
the first and second diffusion-rate determining sections 
20, 22 can be formed as a passage composed of, for 5 
example, a porous material (for example, a porous 
member composed of Zr0 2 ), or a small hole having a 
predetermined cross-sectional area so that the meas- 
urement gas may be introduced. Alternatively, each of 
the first and second diffusion-rate determining sections 10 
20, 22 may be constructed by a gap layer or a porous 
layer produced by printing. In this embodiment, the 
comparative magnitude does not matter between the 
respective diffusion resistances of the first and second 
diffusion rate-determining sections 20, 22. However, it is 15 
preferable that the diffusion resistance of the second dif- 
fusion ratedetermining section 22 is larger than that of 
the first diffusion rate-determining section 20. 
[0047] The atmosphere in the first chamber 24 is intro- 
duced into the second chamber 26 under the predeter- 20 
mined diffusion resistance via the second diffusion rate- 
determining section 22. 

[0048] An inner pumping electrode 28 having a sub- 
stantially rectangular planar configuration and com- 
posed of a porous cermet electrode is formed on an 25 
entire lower surface portion for forming the first chamber 
24, of the lower surface of the second solid electrolyte 
layer 16f. An outer pumping electrode 30 is formed on a 
portion corresponding to the inner pumping electrode 
28. of the upper surface of the second solid electrolyte 30 
layer 16f. An electrochemical pumping cell, i.e., a main 
pumping cell 32 is constructed by the inner pumping 
electrode 28, the outer pumping electrode 30, and the 
second solid electrolyte layer 16f interposed between 
the both electrodes 28, 30. 35 
[0049] A desired control voltage (pumping voltage) 
VpO is applied between the inner pumping electrode 28 
and the outer pumping electrode 30 of the main pump- 
ing cell 32 by the aid of an external variable power 
source 34 to allow a pumping current IpO to flow in a 40 
positive direction or in a negative direction between the 
outer pumping electrode 30 and the inner pumping elec- 
trode 28. Thus, the oxygen in the atmosphere in the first 
chamber 24 can be pumped out to the external space, 
or the oxygen in the external space can be pumped into 45 
the first chamber 24. 

[0050] A measuring electrode 36 having a substan- 
tially rectangular planar configuration and composed of 
a porous cermet electrode is formed in the close vicinity 
of the second diffusion rate-determining section 22 on 50 
an upper surface portion for forming the first chamber 
24, of the upper surface of the first solid electrolyte layer 
16d. A reference electrode 38 is formed on a lower sur- 
face portion exposed to the reference gas-introducing 
space 18. of the lower surface of the first solid electro- 55 
lyte layer 16d. An electrochemical sensor cell, i.e., a 
controlling oxygen partial pressure-detecting cell 40 is 
constructed by the measuring electrode 36. the refer- 



ence electrode 38, and the first solid electrolyte layer 
16d. 

[0051] The controlling oxygen partial pressured etect- 
ing cell 40 is operated such that the partial pressure of 
oxygen in the atmosphere in the first chamber 24 can be 
detected by measuring the electromotive force V1 gen- 
erated between the measuring electrode 36 and the ref- 
erence electrode 38 by using a voltmeter 42, on the 
basis of the difference in oxygen concentration between 
the atmosphere in the first chamber 24 and the refer- 
ence gas (atmospheric air) in the reference gas-intro- 
ducing space 18. 

[0052] The detected value of the partial pressure of 
oxygen is used to control the pumping voltage VpO of 
the variable power source 34 by the aid of a feedback 
control system 44. Specifically, the pumping operation 
effected by the main pumping cell 32 is controlled so 
that the partial pressure of oxygen in the atmosphere in 
the first chamber 24 has a predetermined value which is 
sufficiently low to make it possible to perform the control 
of the partial pressure of oxygen in the second chamber 
26 in the next step. Each of the inner pumping electrode 
28, the outer pumping electrode 30, and the measuring 
electrode 36 is composed of an inert material having a 
low catalytic activity on NOx, for example. NO contained 
in the measurement gas introduced into the first cham- 
ber 24. 

[0053] Specifically, each of the inner pumping elec- 
trode 28 and the outer pumping electrode 30 may be 
composed of a porous cermet electrode. In this embod- 
iment, each of the electrodes is composed of a metal 
such as Pt and a ceramic such as Zr0 2 . Especially, it is 
necessary to use a material which has a weak reducing 
ability or no reducing ability with respect to the NO com- 
ponent in the measurement gas, for the inner pumping 
electrode 28 and the measuring electrode 36 disposed 
in the first chamber 24 to make contact with the meas- 
urement gas. It is preferable that each of the inner 
pumping electrode 28 and the measuring electrode 36 
is composed of, for example, a compound having the 
perovsWte structure such as La 3 Cu0 4 , a cermet com- 
prising a ceramic and a metal such as Au having a low 
catalytic activity, or a cermet comprising a ceramic, a 
metal of the Pt group, and a metal such as Au having a 
low catalytic activity. When an alloy composed of Au and 
a metal of the Pt group is used as an electrode material, 
it is preferable to add Au in an amount of 0.03 to 35 % 
by volume of the entire metal component. 
[0054] On the other hand, an auxiliary pumping elec- 
trode 50 having a substantially rectangular planar con- 
figuration and composed of a porous cermet electrode 
is formed on an entire lower surface portion for forming 
the second chamber 26, of the lower surface of the sec- 
ond solid electrolyte layer 1 6f . An auxiliary electrochem- 
ical pumping cell, i.e., an auxiliary pumping cell 52 is 
constructed by the auxiliary pumping electrode 50, the 
reference electrode 38, the second solid electrolyte 
layer 1 6f , the second spacer layer 1 6e, and the first solid 
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electrolyte layer 16d. 

[0055] A desired constant voltage Vp2 is applied 
between the auxiliary pumping electrode 50 and the ref- 
erence electrode 38 of the auxiliary pumping cell 52 by 
the aid of an external power source 54. Thus, the oxy- s 
gen in the atmosphere in the second chamber 26 can 
be pumped out to the reference gas-introducing space 
18. Accordingly, the partial pressure of oxygen in the 
atmosphere in the second chamber 26 is controlled to 
have a low value of partial pressure of oxygen which 
does not substantially affects the measurement for the 
amount of the objective component under a condition in 
which the measurement gas component (NOx) is not 
substantially reduced or decomposed. In this arrange- 
ment, the change in amount of oxygen introduced into 
the second chamber 26 is greatly reduced as compared 
with the change in the measurement gas, owing to the 
operation of the main pumping cell 32 for the first cham- 
ber 24. Accordingly, the partial pressure of oxygen in 
the second chamber 26 is controlled accurately and 
constantly. 

[0056] The gas sensor 10A according to the first 
embodiment further comprises a detecting electrode 60 
having a substantially rectangular planar configuration 
and composed of a porous cermet electrode. The 
detecting electrode 60 is formed on an upper surface 
portion for forming the second chamber 26, separated 
from the second diffusion rate-determining section 22, 
of the upper surface of the first solid electrolyte layer 
16d. An electrochemical pumping cell, i.e., a measuring 
pumping cell 62 is constructed by the detecting elec- 
trode 60, the reference electrode 38, and the first solid 
electrolyte layer 16d. 

[0057] The detecting electrode 60 is composed of, for 
example, a porous cermet comprising Rh as a metal 
capable of reducing NOx as the measurement gas com- 
ponent and zirconia as a ceramic. Accordingly, the 
detecting electrode 60 functions as a NOx-reducing cat- 
alyst for reducing NOx existing in the atmosphere in the 
second chamber 26. 

[0058] In this embodiment, an electromotive force 
(electromotive force of the oxygen concentration cell) 
V2, which depends on the difference in oxygen concen- 
tration between the atmosphere around the detecting 
electrode 60 and the atmosphere around the reference 
electrode 38, is generated between the detecting elec- 
trode 60 and the reference electrode 38. Therefore, in 
the gas sensor 10A according to the first embodiment, 
the partial pressure of oxygen in the atmosphere 
around the detecting electrode 60, in other words, the 
partial pressure of oxygen defined by the oxygen pro- 
duced by the reduction or decomposition of the meas- 
urement gas component (NOx) is detected as an 
electric signal by measuring the electromotive force V2 
generated between the detecting electrode 60 and the 
reference electrode 38 by using a measuring system 64 
by the aid of the current supply circuit 14. 
[0059] A first external output terminal <|k>1 electrically 



connected to the detecting electrode 60, and a second 
external output terminal <t>o2 electrically connected to 
the reference electrode 38 are led to the outside of the 
main sensor device 1 2 respectively. As shown in FIG. 3, 
the first and second external output terminals <j>ol , <fo2 
are connected to first and second input terminal <t>M . (t>»2 
of the current supply circuit 14 respectively. Thus, the 
main sensor device 12 and the current supply circuit 14 
are electrically connected to one another. 
[0060] As shown in FIG. 2, the gas sensor 10A 
according to this embodiment further comprises a 
heater 66 for generating heat in accordance with elec- 
tric power supply from the outside. The heater 66 is 
embedded in a form of being vertically interposed 
between the first and second substrate layers 1 6a, 1 6b. 
The heater 66 is provided in order to increase the con- 
ductivity of oxygen ion. An insulative layer 68 composed 
of alumina or the like is formed to cover upper and lower 
surfaces of the heater 66 so that the heater 66 is electri- 
cally insulated from the first and second substrate layers 
16a. 16b. 

[0061] The heater 66 is arranged over the entire por- 
tion ranging from the first chamber 24 to the second 
chamber 26. Accordingly, each of the first chamber 24 
and the second chamber 26 is heated to a predeter- 
mined temperature. Simultaneously, each of the main 
pumping cell 32, the controlling oxygen partial pressure- 
detecting cell 40, and the measuring pumping cell 62 is 
also heated to a predetermined temperature and main- 
tained at that temperature. 

[0062] As shown in FIG. 3, the current supply circuit 
14 of the gas sensor 10A according to the first embodi- 
ment comprises an electromotive force-measuring cir- 
cuit 70 for measuring the electromotive force V2 
generated between the detecting electrode 60 and the 
reference electrode 38, a comparing circuit 74 for deter- 
mining a difference between the electromotive force V2 
measured by the electromotive force-measuring circuit 
70 and a comparing voltage Vb (for example, 450 mV) 
supplied from a comparing voltage-generating circuit 72 
and amplifying the difference with a predetermined gain 
(for example, 100 times) to make an output as a meas- 
ured voltage Vc, a rectangular wave-generating circuit 
76 for outputting a rectangular wave signal Sf having a 
frequency corresponding to the level of the measured 
voltage Vc supplied from the comparing circuit 74, and 
a driving circuit 80 for performing ON-OFF control for a 
constant current i supplied from a constant current 
source 78, on the basis of the rectangular wave signal 
Sf supplied from the rectangular wave-generating circuit 
76. 

[0063] The rectangular wave-generating circuit 76 
comprises an oscillating unit 82 for generating a rectan- 
gular wave having a predetermined crest value and hav- 
ing a predetermined pulse width, and a frequency- 
converting unit 84 for controlling an oscillation fre- 
quency of the oscillating unit 82 corresponding to the 
level of the measured voltage Vc supplied from the com- 
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paring circuit 74. The rectangular wave signal Sf , which 
has the frequency on the basis of the value of the elec- 
tromotive force V2, is obtained from the rectangular 
wave-generating circuit 76. 

[0064] In this embodiment, the pulse width of the rec- 
tangular wave is fixed to be, for example. 10 usee. The 
crest value has a level necessary to perform ON-OFF 
control for the constant current i by the aid of the driving 
circuit 80. The circuit of the frequency-converting unit 84 
is constructed such that the lower the value of the elec- 
tromotive force V2 is, as with regard to the level of the 
comparing voltage Vb, the higher the frequency is. 
[0065] The constant current source 78 and the driving 
circuit 80 are connected between a negative power 
source (-V) and the first input terminal <f>i 1 connected to 
the detecting electrode 60. The constant current i is 
allowed to flow from the reference electrode 38 to the 
detecting electrode 60 only during a period of ON con- 
trol effected by the driving circuit 80 (i.e., during a period 
corresponding to the pulse width of the rectangular 
wave signal Sf). 

[0066] In other words, the ON-OFF control for the con- 
stant current i effected by the driving circuit 80 provides 
a pulse-shaped current signal Sif in which the crest 
value is a predetermined value (for example, 500 jiA) 
during the period corresponding to the pulse width of 
the rectangular wave signal Sf. and the crest value is, for 
example, 0 nA during the other periods (see a waveform 
"b" shown in FIG. 5). 

[0067] Therefore, the constant current i flows from the 
reference electrode 38 to the detecting electrode 60 
during the period corresponding to the pulse width of 
the rectangular wave signal Sf outputted from the rec- 
tangular wave-generating circuit 76. The oxygen, which 
is in an amount corresponding to a quantity of electricity 
represented by the crest value (for example, 500 *iA) of 
the constant current i x the pulse width of the rectangu- 
lar wave signal Sf. is pumped from the second chamber 
26 to the reference gas-introducing space 18. 
[0068] The pumping operation causes a change in 
partial pressure of oxygen in the second chamber 26. 
The change is measured as the electromotive force V2 
between the detecting electrode 60 and the reference 
electrode 38 by the aid of the electromotive force-meas- 
uring circuit 70. The rectangular wave signal Sf. which 
has a frequency corresponding to the electromotive 
force V2, is supplied to the driving circuit 80. Thus, the 
constant current i flows from the reference electrode 38 
to the detecting electrode 60 during the period corre- 
sponding to the pulse width of the rectangular wave sig- 
nal Sf. 

[0069] A characteristic shown in FIG. 4 represents a 
relationship between the NO concentration and the fre- 
quency of the rectangular wave signal Sf concerning the 
gas sensor 10A according to the first embodiment. 
According to the characteristic, it is understood that the 
frequency is linearly increased in response to the NO 
concentration, making it possible to measure the NO 



concentration. 

[0070] On the other hand, as shown in FIG. 3. for 
example, two types of circuits are conceived for the 
measuring system 64. The first measuring system 64a 
5 comprises a resistor R1 for extracting, as a voltage sig- 
nal Vi, the constant current i subjected to the ON-OFF 
control effected by the driving circuit 80, a frequency- 
detecting circuit 90 for detecting the frequency of the 
voltage signal Vi extracted by the aid of the resistor R1 , 
10 and an output circuit 92 for converting the frequency 
value detected by the frequency-detecting circuit 90 on 
the basis of, for example, the characteristic shown in 
FIG. 4 into the NO concentration so that the concentra- 
tion value is displayed, for example, by digital expres- 
15 sion. The second measuring system 64b comprises an 
output circuit 94 for converting the measured voltage Vc 
supplied from the comparing circuit 74 into the NO con- 
centration so that the concentration value is displayed, 
for example, by digital expression. 
20 [0071 ] The second measuring system 64b is available 
because of the following reason. That is, the frequency 
may be measured by detecting the timing of the flow of 
the constant current i to measure the frequency thereof, 
as performed in the first measuring system 64a. How- 
25 ever, the voltage which enters the frequency-converting 
unit of the rectangular wave-generating circuit 76, i.e., 
the measured voltage Vc based on the difference 
between the comparing voltage Vb supplied from the 
comparing voltage-generating circuit 72 and the electro- 
motive force V2 between the detecting electrode 60 and 
the reference electrode 38 directly represents the fre- 
quency to be used for the control. The detection of the 
measured voltage Vc is equivalent to the measurement 
of the frequency of the pulse-shaped current signal Sif. 
Especially, in the second measuring system 64b, it is 
unnecessary to provide any circuit which is exclusively 
used to measure the frequency of the pulse-shaped cur- 
rent signal Sif. making it possible to effectively simplify 
the circuit arrangement. 

[0072] The gas sensor 10A according to the first 
embodiment is basically constructed as described 
above. Next, its operation and effect will be explained. 
[0073] At first, the electromotive force V2 between the 
reference electrode 38 and the detecting electrode 60 of 
the gas sensor 10A is measured by the electromotive 
force-measuring circuit 70. The electromotive force V2 
is compared with the comparing voltage Vb in the com- 
paring circuit 74. The comparing circuit 74 determines 
the difference between the electromotive force V2 and 
the comparing voltage Vb. The difference is amplified 
with the predetermined gain to be outputted as the 
measured voltage Vc. 

[0074] The measured voltage Vc is introduced into the 
frequency-converting unit 84 for adjusting the frequency 
of the rectangular wave signal Sf outputted from the rec- 
tangular wave-generating circuit 76. The frequency- 
converting unit 84 controls the oscillation frequency of 
the oscillating unit 82 on the basis of the measured voK- 
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age Vc. Accordingly, the rectangular wave signal Sf is 
obtained, which has the frequency based on the value 
of the electromotive force V2. 

[0075] The rectangular wave signal Sf, which is out- 
putted from the rectangular wave-generating circuit 76, 
is introduced into the driving circuit 80. The driving cir- 
cuit 80 performs the ON-OFF control for the constant 
current i supplied from the constant current source 78, 
on the basis of the rectangular wave signal Sf. The proc- 
ess is performed such that the constant current i is 
allowed to flow during only the period corresponding to 
the pulse width of the rectangular wave signal Sf, and 
the flow of the constant current i is stopped during the 
other periods. Accordingly, the pulse-shaped signal Sif 
flows from the reference electrode 38 to the detecting 
electrode 60. 

[0076] In the case of the first measuring system 64a, 
the frequency of the voltage signal Vi detected by the 
resistor R1 is detected by the frequency-detecting cir- 
cuit 90. The frequency value detected by the frequency- 
detecting circuit 90 is converted into the NOx concentra- 
tion by the output circuit 92, and it is displayed, for 
example, by digital expression. In the case of the sec- 
ond measuring system 64b, the measured voltage Vc 
supplied from the comparing circuit 74 is converted into 
the NOx concentration by the output circuit 94. and it is 
displayed, for example, by digital expression. 
[0077] As described above, in the gas sensor 10A 
according to the first embodiment, the pulse-shaped 
current signal Sif, which is frequency-controlled on the 
basis of the electromotive force V2 generated between 
the detecting electrode 60 and the reference electrode 
38, is allowed to flow from the reference electrode 38 to 
the detecting electrode 60. Therefore, the following 
effect can be obtained. 

[0078] In the case of the conventional measuring 
method, for example, a concentration of 1000 ppm can 
be merely detected with a low current value in which the 
pumping current of the gas sensor is 5 uA. The system 
tends to be affected by the external electric noise 
because the current is small. However, in the case of 
the gas sensor 10A according to the first embodiment, 
the measuring system 64 (for example, the first measur- 
ing system 64a) is used to measure the frequency of the 
pulse-shaped current signal Sif having the crest value of 
500 jiA. Therefore, for example, when the critical value 
is set to be 250 pA to measure the frequency of the cur- 
rent signal Srf, it is possible to accurately measure the 
NOx concentration, for example, even if the noise com- 
ponent exists in an amount corresponding to 100 uA 
[0079] Next, a specified example of the gas sensor 
10A according to the first embodiment described above 
will be explained while making comparison with a case 
in which a direct current is allowed to flow from the ref- 
erence electrode 38 to the detecting electrode 60. 
[0080] At first, when the direct current is allowed to 
flow, for example, the direct current is 5 uA for a concen- 
tration of NO of 1000 ppm as shown in a waveform "a" 



in FIG. 5. 

[0081] Assuming that the period of time is 1 sec, the 
quantity of electricity is 5 uA • sec = 5 n coulombs when 
the direct current flows. On the other hand, in the gas 

s sensor 10A according to the first embodiment, the 
pulse-shaped current signal Sif (see a waveform "b"), 
which has a quantity of electricity equivalent to the 
quantity of electricity (5 u coulombs), is allowed to flow 
from the reference electrode 38 to the detecting elec- 

10 trode 60. Simultaneously, for example, the frequency- 
detecting circuit 90 is used to count the number of 
pulses of the voltage signal Vi per unit time. In other 
words, the frequency of the pulse of the current signal 
Sif (exactly, the rectangular wave signal Sf) is controlled 

is so as to provide the same value as the direct current 
value of the direct current (5 uA) x unit time (1 sec). 
[0082] In the case of the specified example described 
above, the quantity of electricity possessed by one 
pulse is 10 usee x 500 uA = 5000 x 10' 6 n coulombs = 

20 5 x 10" 3 n coulombs which is 1/1000 of that used for the 
direct current. Therefore, when 1000 individuals of 
pulses are allowed to flow for 1 sec, i.e., when the pulse- 
shaped current signal Sif having a frequency of 1 kHz is 
allowed to flow, then it is possible to perform the aimed 

25 pumping operation (the pumping operation for making 
the partial pressure of oxygen in the second chamber 
26 to be the partial pressure of oxygen corresponding to 
the comparing voltage Vb). Simultaneously, it is possi- 
ble to measure the NO concentration highly accurately 

30 without being affected by the electric noise. 

[0083] Generally, some main sensor devices 12 have 
large limiting currents, and other main sensor devices 
12 have small limiting currents, because of, for example, 
dispersion in production. When the same NOx concen- 

35 tration is measured, the main sensor device 12 having a 
large limiting current provides the current signal Sif hav- 
ing a high frequency as compared with the main sensor 
device 1 2 having a small limiting current. There is a pos- 
sibility of occurrence of any measurement error. 

40 [0084] In order to solve the foregoing problem, the 
conventional method has relied on, for example, the 
shunt resistor system or the voltage divider resistor sys- 
tem. However, any of them has such an inconvenience 
that it is necessary to increase the number of lead wires, 

45 which is disadvantageous in view of the cost. 

[0085] A modified embodiment (10Aa) of the gas sen- 
sor 10A according to the first embodiment described 
below provides a gas sensor which makes it possible to 
solve the problem as described above. The gas sensor 

so lOAa will be explained with reference to FIG. 6. Compo- 
nents or parts corresponding to those shown in FIG. 3 
are designated by the same reference numerals. 
[0086] As shown in FIG. 6, the gas sensor 10Aa 
according to the modified embodiment is constructed in 

55 approximately the same manner as in the gas sensor 
10A according to the first embodiment described above 
(see FIG. 3). However, the former is different from the 
latter in that an adjusting resistor Rc is connected in 
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series to the supply line for the current signal Sif from 
the current supply circuit 14. In the illustrated embodi- 
ment, the adjusting resistor Rc is connected in series 
between the detecting electrode 60 and the first exter- 
nal output terminal <|>o1 of the main sensor device 12. 
[0087] It is now assumed a case in which the electric 
potential of the negative power source (-V) for the driv- 
ing circuit 80 is set to be, for example, -5 V, the voltage 
between the reference electrode 38 and the detecting 
electrode 60 is. for example, 5 V, the value of the adjust- 
ing resistor Rc is set to be, for example, 10 ka and the 
alternating current impedance between the detecting 
electrode 60 and the reference electrode 38 of the main 
sensor device 12 is set to be about 300 Cl 
[0088] The direct current impedance between the 
detecting electrode 60 and the reference electrode 38 is 
about 2 kfi However, in the case of the alternating cur- 
rent having a high frequency, for example, a frequency 
of not less than 10 kHz, the impedance is about 1/5 to 
1/10 thereof. The impedance is also sufficiently small for 
the rectangular wave signal containing a lot of high fre- 
quency components, as compared with those for the 
direct current. That is, the impedance has a value in 
such a degree that it can be sufficiently neglected with 
respect to the adjusting resistor Rc. 
[0089] Accordingly, the current signal Sif, which flows 
from the reference electrode 38 to the detecting elec- 
trode 60 in accordance with the driving operation of the 
current supply circuit 14, is a current signal Sif with 
pulses having a crest value of 500 pA. The crest value 
is determined by the size of the adjusting resistor Rc. 
[0090] Therefore, the following operation is available 
for a gas sensor in which the main sensor device 12 has 
a large limiting current, for example, for a gas sensor in 
which, for example, a direct current of 7 uA is allowed to 
flow, for example, for a NOx concentration of 1000 ppm, 
when the measurement is performed by supplying the 
direct current. That is, when the resistance value of the 
adjusting resistor Rc is lowered, and the value of the 
constant current i flowing between the reference elec- 
trode 38 and the detecting electrode 60 is set to be, for 
example, 700 uA, then such a sensor behaves equiva- 
lents to a gas sensor in which a current of 5 uA is 
allowed to flow for the NOx concentration of 1000 ppm. 
[0091] As described above, in the gas sensor 10Aa 
according to the modified embodiment, the relationship 
between the NOx concentration and the pulse fre- 
quency can be consequently maintained to be constant 
only by changing the value of the adjusting resistor Rc, 
irrelevant to the dispersion (for example, any dispersion 
in sensitivity) among individual main sensor devices 12. 
Thus, it is unnecessary to adopt the conventional shunt 
resistor system and the conventional voltage divider 
resistor system. 

[0092] In other words, the gas sensor 1 0 Aa according 
to the modified embodiment makes it possible to com- 
pensate the dispersion (dispersion in crest value or out- 
put) among individual sensors without increasing the 



number of lead wires and terminals, which is advanta- 
geous in view of the production cost. 
[0093] Next, a gas sensor 10B according to a second 
embodiment will be explained with reference to FIG. 7. 

5 Components or parts corresponding to those shown in 
FIG. 3 are designated by the same reference numerals. 
[0094] As shown in FIG. 7, the gas sensor 10B 
according to the second embodiment is constructed in 
approximately the same manner as in the gas sensor 

10 1 0A according to the first embodiment described above 
(see FIG. 3). However, the former is different from the 
latter in that the rectangular wave-generating circuit 76 
of the current supply circuit 14 comprises an oscillating 
unit 100 for generating a rectangular wave having a pre- 

15 determined crest value and having a predetermined 
pulse width, and a duty ratio-converting unit 102 for con- 
trolling the duty ratio (the ratio of ON/OFF time) of the 
pulse signal outputted from the oscillating unit 100, 
depending on the level of the measured voltage Vc sup- 

20 plied from the comparing circuit 74. A rectangular wave 
signal Sd, which has the duty ratio based on the value 
of the electromotive force V2, is obtained from the rec- 
tangular wave-generating circuit 76. 
[0095] The frequency of the pulse signal outputted 

25 from the oscillating unit 100 is fixed to be, for example. 
100 Hz. The crest value has a level necessary to per- 
form ON-OFF control for the constant current i by the 
aid of the driving circuit 80 disposed at the downstream 
stage. The circuit of the duty ratio-converting unit 102 is 

30 constructed such that the lower the value of the electro- 
motive force V2 is, as with regard to the level of the com- 
paring voltage Vb, the higher the duty ratio is (the longer 
the period of the pulse width Pw is (see FIG. 9)). 
[0096] In other words, the ON-OFF control for the con- 

35 stant current i effected by the driving circuit 80 provides 
a pulse-shaped current signal Sid in which the crest 
value is a predetermined value (for example, 100 ^A) 
during the period corresponding to the pulse width Pw 
of the rectangular wave signal Sd, and the crest value 

40 is, for example, 0 uA during the other periods (see a 
waveform "d" shown in FIG. 9). Since the frequency of 
the pulse signal outputted from the oscillating unit 1 00 is 
100 Hz, the frequency of the current signal Sid is fixed 
to the same frequency of 100 Hz. 

45 [0097] A characteristic shown in FIG. 8 represents a 
relationship between the NO concentration and the duty 
ratio of the current signal Sid concerning the gas sensor 
10B according to the second embodiment. According to 
the characteristic, it is understood that the duty ratio 

so (ON time) is linearly increased in response to the NO 
concentration, making it possible to measure the NO 
concentration. 

[0098] As for the measuring system 64, for example, 
two types of circuits are conceived in the second 
55 embodiment as well. As shown in FIG. 7, the first meas- 
uring system 64a comprises a duty ratio-detecting cir- 
cuit 104 for detecting the duty ratio (for example, the 
pulse width Pw) of the voltage signal Vi extracted by the 
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aid of the resistor R1, and an output circuit 106 for con- 
verting the duty ratio detected by the duty ratio-detect- 
ing circuit 104 on the basis of, for example, the 
characteristic shown in FIG. 8 into the NO concentration 
so that the concentration value is displayed, for exam- 
ple, by digital expression. 

[0099] On the other hand, the second measuring sys- 
tem 64b comprises an output circuit 94 for converting 
the measured voltage Vc supplied from the comparing 
circuit 74 into the NO concentration so that the concen- 
tration value is displayed, for example, by digital expres- 
sion. The duty ratio may be measured by detecting the 
voltage signal Vi to measure the duty ratio thereof, as 
performed in the first measuring system 64a. However, 
the voltage which enters the duty ratio-converting unit 
102 of the rectangular wave-generating circuit 76, i.e., 
the measured voltage Vc based on the difference 
between the comparing voltage Vb supplied from the 
comparing voltage-generating circuit 72 and the electro- 
motive force V2 between the detecting electrode 60 and 
the reference electrode 38 directly represents the duty 
ratio. The detection of the measured voltage Vc is 
equivalent to the measurement of the duty ratio of the 
pulse-shaped current signal Sid. Therefore, in the sec- 
ond measuring system 64b, it is unnecessary to provide 
any circuit which is exclusively used to measure the 
duty ratio of the voltage signal Vi, making it possible to 
effectively simplify the circuit arrangement. 
[0100] The gas sensor 10B according to the second 
embodiment is basically constructed as described 
above. Next, its operation and effect will be explained. 
[01 01 ] At first, the electromotive force V2 between the 
reference electrode 38 and the detecting electrode 60 of 
the gas sensor 10B is measured by the electromotive 
force-measuring circuit 70. The electromotive force V2 
is compared with the comparing voltage Vb in the com- 
paring circuit 74. The comparing circuit 74 determines 
the difference between the electromotive force V2 and 
the comparing voltage Vb. The difference is amplified 
with the predetermined gain to be outputted as the 
measured voltage Vc. 

[01 02] The measured voltage Vc is introduced Into the 
duty ratio-converting unit 102 for adjusting the duty ratio 
of the rectangular wave signal Sd outputted from the 
rectangular wave-generating circuit 76. The duty ratio- 
converting unit 102 controls the duty ratio (the pulse 
width Pw) of the pulse signal outputted from the oscillat- 
ing unit 100, on the basis of the measured voltage Vc. 
Accordingly, the rectangular wave signal Sd is obtained, 
which has the duty ratio based on the value of the elec- 
tromotive force V2. 

[0103] The rectangular wave signal Sd, which is out- 
putted from the rectangular wave-generating circuit 76, 
is introduced into the driving circuit 80. The driving cir- 
cuit 80 performs the ON-OFF control for the constant 
current i on the basis of the rectangular wave signal Sd. 
The process is performed such that the constant current 
i is allowed to flow during only the period corresponding 



to the pulse width Pw of the rectangular wave signal Sd, 
and the flow of the constant current i is stopped during 
the other periods. Accordingly, the pulse-shaped signal 
Sid flows from the reference electrode 38 to the detect- 

5 ing electrode 60. 

[0104] In the case of the first measuring system 64a, 
the duty ratio of the voltage signal Vi detected by the 
resistor Rl is detected by the duty ratio-detecting circuit 
104. The duty ratio detected by the duty ratio-detecting 

io circuit 104 is converted into the NOx concentration by 
the output circuit 106, and it is displayed, for example, 
by digital expression. In the case of the second measur- 
ing system 64b, the measured voltage Vc supplied from 
the comparing circuit 74 is converted into the NOx con- 

15 centration by the output circuit 94, and it is displayed, for 
example, by digital expression. 

[0105] As described above, in the gas sensor 10B 
according to the second embodiment, the pulse-shaped 
current signal Sid, which is controlled for the duty ratio 

20 on the basis of the electromotive force V2 generated 
between the detecting electrode 60 and the reference 
electrode 38, is allowed to flow from the reference elec- 
trode 38 to the detecting electrode 60. Therefore, the 
following effect can be obtained. 

25 [0106] In the case of the conventional measuring 
method, for example, a concentration of 1000 ppm can 
be merely detected with a low current value in which the 
pumping current of the gas sensor is 5 \iA. The system 
tends to be affected by the external electric noise 

30 because the current is small. However, in the case of 
the gas sensor 10B according to the second embodi- 
ment, the measuring system 64 is used to measure the 
duty ratio of the pulse-shaped current signal Sid, i.e., 
the pulse width Pw which is the time, having the crest 

35 value of 100 nA at a frequency of, for example, 100 Hz. 
Therefore, the system is scarcely affected by the noise, 
and it is possible to accurately measure the NOx con- 
centration. 

[0107] Next, a specified example of the gas sensor 
40 10B according to the second embodiment described 
above will be explained while making comparison with a 
case in which a direct current is allowed to flow from the 
reference electrode 38 to the detecting electrode 60. 
[0108] At first, when the direct current is allowed to 
45 flow, for example, the direct current is 5 *iA for a concen- 
tration of NO of 1000 ppm as shown in a waveform H c M 
in FIG. 9. 

[0109] Assuming that there is given one cycle = 10 
msec for the pulse signal outputted from the oscillating 
so unit 1 00, the quantity of electricity is 5 fiA • 1 0 msec = 50 
x 10" 3 jiA - sec a 50 x 10~ 3 *i coulombs when the direct 
current flows. 

[0110] On the other hand, in the gas sensor 10B 
according to the second embodiment, the pulse-shaped 
55 electric signal Sid, which has a quantity of electricity 
equivalent to the quantity of electricity (50 x 10" 3 \i cou- 
lombs), is allowed to flow from the reference electrode 
38 to the detecting electrode 60. Simultaneously, for 
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example, the duty ratio-detecting circuit 104 is used to 
measure the pulse width Pw of the voltage signal Vi. 
That is. the duty ratio of the pulse of the current signal 
Sid (exactly, the rectangular wave signal Sd), in other 
words, the pulse width Pw is controlled so as to provide 5 
the same value as the direct current value of the direct 
current (5 nA) x unit time (10 msec). 
[011 1] In the case of the specified example described 
above, the pulse width Pw, which is equivalent to the 
quantity of electricity of 50 x 10" 3 \i coulombs is (50 x w 
10' 3 nA • sec)/100 \iA = 0.5 msec. The duty ratio is 0.5 
msec/10 msec which is 1/20. Therefore, when the pulse 
signal having the duty ratio of 1/20, i.e., the pulse- 
shaped current signal Sid having the pulse width Pw of 
0.5 msec is allowed to flow, then it is possible to perform 15 
the aimed pumping operation (the pumping operation 
for making the partial pressure of oxygen in the second 
chamber 26 to be the partial pressure of oxygen corre- 
sponding to the comparing voltage Vb). Simultaneously, 
it is possible to measure the NO concentration highly 20 
accurately without being affected by the electric noise. 
[01 1 2] Next, a modified embodiment (1 OBa) of the gas 
sensor 10B according to the second embodiment will be 
explained with reference to FIG. 10. Components or 
parts corresponding to those shown in FIG. 7 are desig- 25 
nated by the same reference numerals. 
[01 1 3] Some main sensor devices 1 2 have large limit- 
ing currents, and other main sensor devices 12 have 
small limiting currents, because of, for example, disper- 
sion in production. When the same NOx concentration 30 
is measured, the main sensor device 12 having a large 
limiting current provides a high duty ratio (a long pulse 
width Pw) as compared with the main sensor device 12 
having a small limiting current. There is a possibility of 
occurrence of any measurement error. 35 
[01 1 4] The gas sensor 1 0Ba according to the modified 
embodiment eliminates any measuring error which 
would be otherwise caused by the dispersion among 
individual main sensor devices 1 2. As shown in FIG. 10, 
the gas sensor 1 0Ba according to the modified embodi- 40 
ment is constructed in approximately the same manner 
as in the gas sensor 10B according to the second 
embodiment described above (see FIG. 7). However, 
the former is different from the latter in that an adjusting 
resistor Rc is connected in series to the supply line for 45 
the current signal Sid from the current supply circuit 14. 
In the illustrated embodiment, the adjusting resistor Rc 
is connected between the detecting electrode 60 and 
the first external output terminal <(o1 of the main sensor 
device 12. 50 
[01 1 5] It is now assumed a case in which the electric 
potential of the negative power source for the driving cir- 
cuit 80 is set to be, for example. -5 V. the voltage 
between the reference electrode 38 and the detecting 
electrode 60 is, for example. 5 V. the value of the adjust- ss 
ing resistor Rc is set to be, for example, 50 kfl> and the 
alternating current impedance between the detecting 
electrode 60 and the reference electrode 38 of the main 
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sensor device 12 is set to be about 300 CI The current, 
which flows from the reference electrode 38 to the 
detecting electrode 60 in accordance with the driving 
operation of the current supply circuit 14, is a current 
signal Sid with pulses having a frequency of 100 Hz and 
having a crest value of 100 jiA. The crest value is deter- 
mined by the size of the adjusting resistor Rc. 
[0116] Therefore, the following operation is available 
for a gas sensor in which the main sensor device 12 has 
a large limiting current, for example, for a gas sensor in 
which, for example, a direct current of 7 ^iA is allowed to 
flow, for example, for a NOx concentration of 1000 ppm. 
That is, when the resistance value of the adjusting resis- 
tor Rc is lowered, and the value of the constant current 
i flowing between the reference electrode 38 and the 
detecting electrode 60 is set to be, for example, 140 nA 
then such a sensor behaves equivalent^ to a gas sen- 
sor in which a current of 5 nA is allowed to flow for the 
NOx concentration of 1000 ppm. 
[0117] As described above, in the gas sensor 10Ba 
according to the modified embodiment, the relationship 
between the NOx concentration and the pulse fre- 
quency can be consequently maintained to be constant 
only by changing the value of the adjusting resistor Rc, 
irrelevant to the dispersion (for example, any dispersion 
in sensitivity) among individual main sensor devices 12. 
Thus, it is unnecessary to adopt the conventional shunt 
resistor system and the conventional voltage divider 
resistor system. 

[01 18] In other words, the gas sensor 1 0Ba according 
to the modified embodiment makes it possible to com- 
pensate the dispersion (dispersion in crest value or out- 
put) among individual sensors without increasing the 
number of lead wires and terminals, which is advanta- 
geous in view of the production cost. 
[0119] Next, a gas sensor 10C according to a third 
embodiment will be explained with reference to FIGS. 
1 1 to 14. Components or parts corresponding to those 
shown in FIG. 3 are designated by the same reference 
numerals. 

[0120] As shown in FIG. 11, the gas sensor 10C 
according to the third embodiment is constructed in 
approximately the same manner as in the gas sensor 
1 0A according to the first embodiment described above 
(see FIG. 3). However, the former is different from the 
latter in the arrangement of the current supply circuit 14 
as follows. 

[01 21 ] That is, as shown in FIG. 1 1 , the current supply 
circuit 14 comprises an electromotive force-measuring 
circuit 70 for measuring the electromotive force V2 gen- 
erated between the detecting electrode 60 and the ref- 
erence electrode 38, a comparing circuit 74 for 
determining a difference between the electromotive 
force V2 measured by the electromotive force-measur- 
ing circuit 70 and a comparing voltage Vb (for example, 
450 mV) supplied from a comparing voltage-generating 
circuit 72 and outputting it as a voltage signal Sa, an 
amplifying circuit 110 for amplifying the voltage signal 
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Sa supplied from the comparing circuit 74, for example. 
500 times to give a measured voltage signal Sv, a rec- 
tangular wave-generating circuit 112 for generating a 
pulse signal Sp having a frequency of 1 kHz and having 
a duty ratio of, for example, 1/1000 (ON period: 1 usee, 
OFF period: 999 ^sec). and a driving circuit 1 14 for per- 
forming ON-OFF control for the measured voltage sig- 
nal Sv supplied from the amplifying circuit 1 10, on the 
basis of the pulse signal Sp (rectangular wave) supplied 
from the rectangular wave-generating circuit 112. 
[0122] An output line of the driving circuit 1 14 is elec- 
trically connected via a contact e to the second input 
terminal 4>i2 so that a current iv, which corresponds to 
the voltage outputted from the driving circuit 1 14, is sup- 
plied to the reference electrode 38. The current iv is 
detected as a voltage Vi by the aid of a current-detect- 
ing resistor R2 (for example 10 kQ) connected and 
inserted between the driving circuit 114 and the second 
input terminal 4>i2. 

[01 23] A pulse-shaped driving signal Svp (voltage sig- 
nal), which has a constant frequency and a constant 
duty ratio and which has a voltage level based on the 
value of the electromotive force V2, is obtained from the 
driving circuit 1 14. 

[0124] In other words, the ON-OFF control effected by 
the driving circuit 14 for the output (the measured volt- 
age signal Sv) from the amplifying circuit 110 allows the 
output from the driving circuit 114 to be the pulse- 
shaped driving signal Svp (the voltage signal) which has 
a crest value based on the electromotive force V2 dur- 
ing the period corresponding to the pulse width of the 
pulse signal Sp from the rectangular wave-generating 
circuit 1 1 2 and which has a crest value of, for example 0 
jiA during the other periods (see a waveform M g" shown 
in FIG. 13). The current iv, which corresponds to the 
driving signal Svp, is supplied to the reference electrode 
38. Since the pulse signal Sp outputted from the rectan- 
gular wave-generating circuit 1 1 2 has the frequency of 1 
kHz, the frequency of the driving signal Svp is fixed to 
be the same frequency of 1 kHz. 
[01 25] A characteristic shown in FIG. 1 2 represents a 
relationship between the NO concentration and the 
crest value (the voltage Vi obtained after conversion of 
the current iv into the voltage) of the current iv concern- 
ing the gas sensor according to the third embodiment 
(see a solid line A). According to the characteristic, it is 
understood that the crest value (the voltage Vi) of the 
current iv is linearly increased in response to the NO 
concentration, making it possible to measure the NO 
concentration. 

[0126] As for the measuring system 64, for example, 
two types of circuits are conceived in the third embodi- 
ment as well. The first measuring system 64a com- 
prises a voltage-detecting circuit 116 for detecting the 
voltage Vi (the voltage corresponding to the crest value 
of the current iv) extracted by the currents etecting 
resistor R2 to output its peak value and its average 
value, and an output circuit 1 1 8 for converting the output 



(the peak value and the average value) from the volt- 
age-detecting circuit 116 on the basis of, for example, 
the characteristic shown in FIG. 12 into the NO concen- 
tration so that the concentration value is displayed, for 

5 example, by digital expression. The second measuring 
system 64b comprises an output circuit 120 for convert- 
ing the measured voltage signal Sv supplied from the 
amplifying circuit 110 into the NO concentration so that 
the concentration value is displayed, for example, by 

70 digital expression. 

[0127] The gas sensor 10C according to the third 
embodiment is basically constructed as described 
above. Next, its operation and effect will be explained. 
[01 28] At first, the electromotive force V2 between the 

is reference electrode 38 and the detecting electrode 60 of 
the gas sensor 10C is measured by the electromotive 
force-measuring circuit 70. The electromotive force V2 
is compared with the comparing voltage Vb in the com- 
paring circuit 74. The comparing circuit 74 outputs, as 

20 the voltage signal Sa, the difference between the elec- 
tromotive force V2 and the comparing voltage Vb. The 
voltage signal Sa is amplified with the predetermined 
gain (for example, 500 times) to give the measured volt- 
age signal Sv by the aid of the amplifying circuit 1 1 0 dis- 

25 posed at the downstream stage. 

[0129] The measured voltage signal Sv is introduced 
into the driving circuit 1 14. The driving circuit 1 14 per- 
forms the ON-OFF control for the inputted measured 
voltage signal Sv on the basis of the pulse signal Sp 

30 supplied from the rectangular wave-generating circuit 
112. Accordingly, the pulse-shaped driving signal Svp 
(the voltage signal) is obtained, which has the voltage 
level based on the value of the electromotive force V2. 
The current iv corresponding to the driving signal Svp is 

35 supplied to the reference electrode 38. During this proc- 
ess, the current iv, which is determined by the voltage of 
the driving signal Svp and the impedance between the 
reference electrode 38 and the detecting electrode 60, 
flows between the reference electrode 38 and the 

40 detecting electrode 60 during the period corresponding 
to the pulse width of the driving signal Svp. That is, the 
pulse-shaped current iv flows between the reference 
electrode 38 and the detecting electrode 60. 
[0130] The voltage Vi (the crest value of the current 

45 iv), which is extracted by the current-detecting resistor 
R2, is detected by the voltage-detecting circuit 116 of 
the first measuring system 64a to make output as the 
peak value or the average value thereof. The peak value 
or the average value is converted into the NOx concen- 

50 tration by the output circuit 118 disposed at the down- 
stream stage, and the concentration is displayed, for 
example, by digital expression. In the second measur- 
ing system 64b, the measured voltage signal Sv from 
the amplifying circuit 1 10 is converted into the NOx con- 

55 centration by the output circuit 120. and the concentra- 
tion is displayed, for example, by digital expression. 
[0131] As described above, in the gas sensor 10C 
according to the third embodiment, the pulse-shaped 
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current iv, the crest value of which is controlled on the 
basis of the electromotive force V2 generated between 
the detecting electrode 60 and the reference electrode 
38, is supplied to the reference electrode 38. Therefore, 
the following effect can be obtained. 5 
[0132] In the case of the conventional measuring 
method, for example, as shown by a broken line B in the 
characteristic curve shown in FIG. 12, the detection can 
be performed by merely using the small change in 
which the voltage (the pumping voltage) between the 10 
reference electrode 38 and the detecting electrode 60 is 
450 mV to 460 mV (the increment corresponding to the 
direct current impedance between the reference elec- 
trode 38 and the detecting electrode 60, i.e., 10 kn x 5 
fiA = 10 mV) with respect to, for example, the change in is 
concentration of 0 to 1000 ppm. On the contrary, in the 
case of the gas sensor 10C according to the third 
embodiment, as shown by the solid line A in the charac- 
teristic curve shown in FIG. 12, the large change is 
obtained (the increment corresponding to the alternat- 20 
ing current impedance between the reference electrode 
38 and the detecting electrode 60, i.e., 300 CI x 5000 uA 
= 1500 mV). Therefore, the system is scarcely affected 
by the noise, and it is possible to accurately measure 
the NOx concentration. 25 
[0133] Next, a specified example of the gas sensor 
10C according to the third embodiment described 
above will be explained while making comparison with a 
case in which a direct current is supplied to the refer- 
ence electrode 38. This description is illustrative of a 30 
case in which comparison is made by using the voltage 
Vi obtained after conversion into the voltage for the cur- 
rent iv supplied to the reference electrode 38. 
[0134] At first, when the direct current is allowed to 
flow, a waveform T as shown in FIG. 13 is obtained. 35 
That is, the electromotive force of 450 mV + the amount 
of voltage drop based on the direct current impedance 
between the reference electrode 38 and the detecting 
electrode 60 and the pumping current flowing between 
the reference electrode 38 and the detecting electrode 40 
60 of 2 kn x 5 ^A (1000 ppm) = 450 mV + 10 mV. Of this 
voltage, the voltage of 10 mV except for the amount of 
the electromotive force is a voltage which is substan- 
tially used for the oxygen pumping. 

[0135] Assuming that there is given one cycle =1 4S 
msec for the pulse signal Sp outputted from the rectan- 
gular wave-generating circuit 1 12, the quantity of elec- 
tricity is 5 kiA x 1 msec = 5 x 10" 3 jiA • sec » 5 x 10* 3 n 
coulombs (corresponding to the amount of oxygen sub- 
jected to the pumping) when the direct current flows. so 
[0136] On the other hand, in the gas sensor 10C 
according to the third embodiment, the current iv, which 
corresponds to the pulse-shaped driving signal Svp 
having a quantity of electricity equivalent to the quantity 
of electricity (5 x 1 0" 3 u coulombs), is supplied to the ref- 55 
erence electrode 38. Simultaneously, for example, the 
voltage-detecting circuit 116 is used to measure the 
crest value (the peak value or the average value) of the 
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current iv after conversion into the voltage. That is, the 
crest value of the current iv is controlled so as to provide 
the same value as the direct current value after the con- 
version into the voltage for the direct current (10 mV) x 
unit time (1 msec). 

[01 37] In the case of the specified example described 
above, the quantity of electricity, which is equivalent of 
the quantity of electricity of 5 x 10~ 3 nA • sec, is (V/R) x 
1 usee. R represents the internal resistance between 
the reference electrode 38 and the detecting electrode 
60. R is greatly different from the value of 2 kn obtained 
for the direct current, and it is 300 n as the alternating 
current impedance. Therefore, the quantity of electricity 
is (V73O0) x 1 usee. 

[01 38] V is determined so that the quantity of electric- 
ity is equal to 5 x 10" 3 uA-sec. Accordingly, there is 
given V = 5 x 10 -3 uA • sec/( 1/300) x 1 jisec = 1500 
mA-n= 1500 mV. 

[01 39] Therefore, when the pulse-shaped driving sig- 
nal (the voltage signal) Svp having the frequency of 1 
kHz, the pulse width of 1 usee, and the crest value of 
1 500 mV is outputted from the driving circuit 1 1 4, then it 
is possible to perform the aimed pumping operation (the 
pumping operation for making the partial pressure of 
oxygen in the second chamber 26 to be the partial pres- 
sure of oxygen corresponding to the comparing voltage 
Vb). Simultaneously, it is possible to measure the NO 
concentration highly accurately without being affected 
by the electric noise. 

[01 40] Next, a modified embodiment (1 OCa) of the gas 
sensor 10C according to the third embodiment will be 
explained with reference to FIG. 14. Components or 
parts corresponding to those shown in FIG. 1 1 are des- 
ignated by the same reference numerals. 
[0141] As shown in FIG. 14, the gas sensor 10Ca 
according to the modified embodiment is constructed in 
approximately the same manner as in the gas sensor 
10C according to the third embodiment described 
above (see FIG. 11). However, the former is different 
from the latter in that an adjusting resistor Rc is con- 
nected in series to the current supply line from the cur- 
rent supply circuit 14 to the reference electrode 38. In 
the illustrated embodiment, the adjusting resistor Rc is 
connected between the reference electrode 38 and the 
second external output terminal <to2 of the main sensor 
device 12. 

[0142] According to the gas sensor 10Ca concerning 
the modified embodiment, the following effects are 
obtained. That is, the relationship between the NOx 
concentration and the voltage of the driving signal Svp 
can be maintained to be constant by adjusting the size 
of the adjusting resistor Rc in conformity with the disper- 
sion among individuals concerning the limiting current 
value of the main sensor device 12. Moreover, it is pos- 
sible to further increase the change in voltage of the 
driving signal Svp with respect to the change in NOx 
concentration. 

[0143] For example, it is assumed that the adjusting 
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resistor Rc is 1 kn. In the case of the embodiment 
described above, the duty ratio of the driving signal Svp 
is 1/1000. Therefore, the pumping current iv, which 
flows between the reference electrode 38 and the 
detecting electrode 60, is obtained by multiplying 5 uA 5 
by 1000. That is, the pulse-shaped current iv of 5 mA 
flows. The voltage drop of 5 V occurs in the adjusting 
resistor Rc. The voltage of the driving signal Svp is 
approximately 5 V + 1 .5 V (the voltage drop caused by 
the internal resistance between the reference electrode io 
38 and the detecting electrode 60) + 450 mV (the elec- 
tromotive force) = 6.95 V. 

[0144] The voltage is 450 mV when the NOx concen- 
tration is 0 ppm, while a large change of 6.5 V can be 
used for the detection for the change of the NOx con- is 
centration of 0 to 1000 ppm. The following assumption 
holds for the dispersion among individuals concerning 
the limiting current value of the main sensor device 12. 
That is, for example, it is assumed that the measure- 
ment is performed by supplying a direct current to a 20 
main sensor device 12 having a large limiting current. 
For example, there is given the adjusting resistor Rc = 
(6.5 V - 300 n x 7 mA)/7 mA = (4.4 x 1000/7) = 629 CI 
for a main sensor device 12 in which a direct current of 
7 nA is allowed to flow for a NOx concentration of 1000 25 
ppm. Thus, it is possible to allow the voltage at 1000 
ppm to be 6.5 V + 450 mV = 6.95 V 
[0145] As described above, the change in voltage Vi 
(i.e., the change in crest value of the current iv) with 
respect to the NOx concentration is the high voltage 30 
change which is 100 times that measured by using the 
direct current, by supplying, to the reference electrode 
38, the current iv corresponding to the pulse-shaped 
driving signal Svp outputted from the driving circuit 114. 
Thus, it is possible to obtain the effect that the system is 35 
scarcely affected by the electric noise. Additionally, it is 
possible to effectively compensate the dispersion 
among individual main sensor devices 12. 
[0146] In the gas sensors 1 0A to 1 0C according to the 
fist to third embodiments described above (including the 40 
respective modified embodiments), the pulse shape of 
the pulse signal outputted from the rectangular wave- 
generating circuit 76, 112 is the rectangular wave. 
Besides, it is allowable to use any waveform including, 
for example, trapezoidal waves, triangular waves, and 45 
sinusoidal waves (half waves). 

[0147] Preferably, the electromotive force-measuring 
circuit 70 is provided with a smoothing circuit. In this 
embodiment, the smoothing circuit preferably has a time 
constant x which is not less than 10 times the pulse so 
cycle of the pulse signal outputted from the rectangular 
wave-generating circuit 76, 112. 

[0148] As for the lower limit value of the frequency of 
the pulse signal outputted from the rectangular wave- 
generating circuit 76, 112. it is preferable to provide a ss 
cycle of about 1/10 fold of the response performance 
required for the gas sensors 10A to 10C (including the 
respective modified embodiments). For example, when 



the requirement for the response performance of the 
gas sensors 10A to 10C (including the respective modi- 
fied embodiments) is 100 msec, it is preferable to use a 
pulse signal having a cyde of 10 msec, i.e., not less 
than 100 Hz. Thus, it is possible to sufficiently smooth 
the electromotive force V2 by using the smoothing cir- 
cuit without deteriorating the response performance. 
[0149] In the gas sensor 10A according to the first 
embodiment (including the modified embodiment), it is 
preferable that the pulse width of the rectangular wave 
signal Sf outputted from the rectangular wave-generat- 
ing circuit 76 is decreased as short as possible, 
because it is possible to set a high crest value for the 
constant current i. 

[0150] Also in the gas sensor 10B according to the 
second embodiment (including the modified embodi- 
ment), it is preferable that the pulse width Pw of the rec- 
tangular wave signal Sd outputted from the rectangular 
wave-generating circuit 76 is decreased as short as 
possible, because it is possible to set a high crest value 
for the constant current i. 

[0151] In the gas sensor 10C according to the third 
embodiment, when the dispersion among individual 
main sensor devices 12 is not corrected without provid- 
ing the adjusting resistor Rc, it is preferable that the fre- 
quency of the pulse signal Sp outputted from the 
rectangular wave-generating circuit 1 12 is low. because 
of the following reason. That is, the lower the frequency 
is, the higher the alternating current impedance is. 
Accordingly, the voltage change of the driving signal 
Svp is increased. 

[0152] In the modified embodiment 10Ca of the gas 
sensor according to the third embodiment, the disper- 
sion among individual main sensor devices 12 is cor- 
rected by providing the adjusting resistor Rc. Therefore, 
it is preferable that the frequency of the pulse signal Sp 
outputted from the rectangular wave-generating circuit 
1 12 is high, because of the following reason. That is, the 
higher the frequency is, the lower the alternating current 
impedance is. Accordingly, the change in pumping cur- 
rent, which is determined by the value of the adjusting 
resistor Rc. is scarcely affected by the change in imped- 
ance of the measuring pumping cell which depends on, 
for example, the change in temperature and the change 
in durability. 

[0153] The gas sensors 10A to 10C according to the 
first to third embodiments described above (including 
the respective modified embodiments) are illustrative of 
the application to the control of the measuring pumping 
cell 62 including the reference electrode 38 and the 
detecting electrode 60. Besides, the present invention is 
also applicable to control the auxiliary pumping cell 52 
and the main pumping ceil 32. Especially, the present 
invention is extremely effective when the main pumping 
cell 32 is subjected to the correcting control so that the 
current value of the auxiliary pumping cell 52 is con- 
stant, because of the following reason. 
[01 54] That is, a slight detection error acts as a factor 
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of malfunction, because the pumping current of the aux- 
iliary pumping cell 52 is not more than several nA. How- 
ever, the application of the gas sensors 10A to 10C 
according to the first to third embodiments (including the 
respective modified embodiments) makes it possible to 
detect the pumping current as the frequency, the pulse 
width, or the voltage value in a large range. Thus, the 
present invention is effective to eliminate the detection 
error. 

[0155] The gas sensors 10A to 10C according to the 
first to third embodiments described above (including 
the respective modified embodiments) are illustrative of 
the case in which the NOx concentration in the meas- 
urement gas is measured. However, the present inven- 
tion is also applicable, for example, to oxygen sensors, 
inflammable gas sensors, C0 2 sensors, and H 2 0 sen- 
sors based on the use of the oxygen pump. The present 
invention is also applicable to H 2 sensors and H 2 0 sen- 
sors based on the use of the proton ion -conductive 
member, as well as to controlling pumps for controlling 
the concentration of such specified gases. 
[01 56] It is a matter of course that the gas sensor and 
the method for controlling the gas sensor according to 
the present invention are not limited to the embodi- 
ments described above, which may be embodied in 
other various forms. 

[01 57] As explained above, according to the gas sen- 
sor and the method for controlling the gas sensor con- 
cerning the present invention, it is possible to highly 
accurately measure a predetermined gas component 
while scarcely being affected by the electric noise or the 
like. 

[0158] Further, it is possible to compensate the dis- 
persion among individual sensors without increasing 
the number of terminals, which is advantageous in view 
of the production cost. 

Claims 

1. A gas sensor (10A) for controlling a concentration 
of a specified gas component and/or measuring a 
predetermined gas component by allowing a cur- 
rent to flow through an ion-conductive member for 
conducting an ion of said specified gas component, 
by the aid of a current supply means (14), wherein: 

said current, which is outputted from said cur- 
rent supply means (14), has a pulse waveform 
having a constant crest value; and 
said current supply means (14) comprises a 
frequency control means (84) for controlling a 
frequency of said pulse waveform. 

2. The gas sensor according to claim 1, wherein a 
resistor (Rc) is connected in series to a current sup- 
ply line to said ion-conductive member. 

3. The gas sensor according to claim 2, wherein said 



resistor (Rc) is selected or adjusted depending on 
performance of a sensor element (12). 

4. The gas sensor according to claim 1 , wherein said 
5 specified gas component is oxygen, and said pre- 
determined gas component is NOx. 

5. A gas sensor (10B) for controlling a concentration 
of a specified gas component and/or measuring a 

10 predetermined gas component by allowing a cur- 
rent to flow through an ion -conductive member for 
conducting an ion of said specified gas component, 
by the aid of a current supply means (1 4), wherein: 

is said current, which is outputted from said cur- 

rent supply means (14), has a pulse waveform 
having a constant crest value; and 
said current supply means (14) comprises a 
duty ratio control means (102) for controlling a 

20 duty ratio of said pulse waveform. 

6. The gas sensor according to claim 5, wherein a 
resistor (Rc) is connected in series to a current sup- 
ply line to said ion-conductive member. 

25 

7. The gas sensor according to claim 6, wherein said 
resistor (Rc) is selected or adjusted depending on 
performance of a sensor element (12). 

30 8. The gas sensor according to claim 5, wherein said 
specified gas component is oxygen, and said pre- 
determined gas component is NOx. 

9. A gas sensor (10C) for controlling a concentration 
35 of a specified gas component and/or measuring a 

predetermined gas component by allowing a cur- 
rent to flow through an ion-conductive member for 
conducting an ion of said specified gas component, 
by the aid of a current supply means (14), wherein: 

40 

said current, which is outputted from said cur- 
rent supply means (14), has a pulse waveform; 
and 

said current supply means (14) comprises a 
45 crest value control means (112) for controlling 

a crest value of said current having said pulse 
waveform. 

10. The gas sensor according to claim 9, wherein said 
so concentration of said specified gas component is 

controlled and/or said predetermined gas compo- 
nent is measured by converting said current having 
said pulse waveform is converted into a voltage to 
detect said crest value. 

55 

11. The gas sensor according to claim 10. wherein a 
resistor (Rc) is connected in series to a current sup- 
ply line to said ion-conductive member. 
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1 2. The gas sensor according to claim 1 1 , wherein said 
resistor (Rc) is selected or adjusted depending on 
performance of a sensor element (12). 

1 3. The gas sensor according to claim 9, wherein said 
specified gas component is oxygen, and said pre- 
determined gas component is NOx. 

1 4. A method for controlling a gas sensor for controlling 
a concentration of a specified gas component 
and/or measuring a predetermined gas component 
by allowing a current to flow through an ion-conduc- 
tive member for conducting an ion of said specified 
gas component, wherein: 

said current, which is supplied to said ion-con- 
ductive member, has a pulse waveform having 
a constant crest value; and 
a frequency of said pulse waveform is control- 
led to control said concentration of said speci- 
fied gas component and/or measure said 
predetermined gas component. 

15. The method for controlling said gas sensor accord- 
ing to claim 14, wherein said specified gas compo- 
nent is oxygen, and said predetermined gas 
component is NOx. 

1 6. A method for controlling a gas sensor for controlling 
a concentration of a specified gas component 
and/or measuring a predetermined gas component 
by allowing a current to flow through an ion-conduc- 
tive member for conducting an ion of said specified 
gas component, wherein: 

said current, which is supplied to said ion-con- 
ductive member, has a pulse waveform having 
a constant crest value; and 
a duty ratio of said pulse waveform is controlled 
to control said concentration of said specified 
gas component and/or measure said predeter- 
mined gas component. 

17. The method for controlling said gas sensor accord- 
ing to claim 16, wherein said specified gas compo- 
nent is oxygen, and said predetermined gas 
component is NOx. 

18. A method for controlling a gas sensor for controlling 
a concentration of a specified gas component 
and/or measuring a predetermined gas component 
by allowing a current to flow through an ion-conduc- 
tive member for conducting an ion of said specified 
gas component, wherein: 

said current, which is supplied to said ion-con- 
ductive member, has a pulse waveform; and 
a crest value of said current having said pulse 



waveform is controlled to control said concen- 
tration of said specified gas component and/or 
measure said predetermined gas component. 

5 19. The method for controlling said gas sensor accord- 
ing to claim 18. wherein said specified gas compo- 
nent is oxygen, and said predetermined gas 
component is NOx. 
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